An environmental-friendly radiology department should be a requirement of the future era. The aim of this article is to make radiologists aware of their responsibilities for a greener world. We have suggested a number of minor but important changes in various sections of a radiology department that can make the radiology department more environmentally friendly. These small steps require relatively little effort on our part but cumulatively, may have a huge positive impact on our environment.
Historically, human beings have utilised natural resources to survive. During the industrial revolution these resources were tapped for the development of infrastructure, and in the current era they are used for making the human life more comfortable. Lately, there has been worldwide awareness about our limited natural resources and their indiscriminate exploitation. The time has come that all of us, including the radiologists and radiology departments, realize this fact and take immediate actions to limit the abuse of finite resources. Saving the planet is not just the responsibility of the few activists or organizations. Each individual has to be aware of and realize his or her role and contribute towards keeping our planet resourceful for future generations. Hospitals, in general, have a huge carbon footprint, as they consume a large amount of energy and generate a disproportionate amount of waste. Owing to the availability of modern high-energy consuming equipment, radiology departments have a major contribution towards energy consumption. Besides patients, their attending and supporting staff utilising these resources in the radiology department, radiologists themselves may be unknowingly equally guilty in harming the environment by wasting energy and generating more waste. Radiologists, being leaders, are the best people to suggest changes that can make the department more environmentally friendly. Thus radiologists can also be a part of the global green movement. These steps should not affect the working of the department but will ensure that we are not overexploiting our limited natural resources.
The 4 principles towards attaining the goal of a green radiology department are (a) utilising less energy and water, (b) generating less waste, (c) using biodegradable materials, and (d) proper disposal or recycling of the waste.
Utilising Less Energy and Water
Hospitals need to consume vast amount of electricity and water for patients and staff. Currently, there is still no alternative to electricity for running radiology equipment. However, the power consumption can be controlled in various sections by using auto shutdown functions in projectors, computers, and Picture Archiving and Communication System (PACS) monitors. There is not much difference between power consumption by computed tomography (CT) scanners and ultrasound machines while being used and when idle [1] . The CT scanner when in idle mode (ie, where the machine is on but no patients are being scanned) also uses considerable amount of energy [2] . The power consumption by a projector may range from 160-200 W. Each radiology workstation consumes power in the range of 400-650 W depending on the processing performed. The typical power consumption by a monitor alone is approximately 110 W, which goes down to 6 W in power-save mode. Any given monitor left on 24 hours a day, 7 days a week would annually consume between 49.5-1,399.84 kWh, costing from $5.45-153.98 USD. A single workstation left on 24 hours a day, 7 days a week would use 455.65-2,358.72 kWh, costing from $59.91-259.46 USD/ annum [3] . With the large numbers of workstations in the radiology departments, shutting down the workstations when not in use will save a significant amount of energy and the cost [3, 4] . Utilising the motion-sensitive lights in the radiology department, including the toilets, may further reduce unnecessary power wastage. Light-emitting diode (LED) lamps have very long life compared to incandescent bulbs, with some being claimed to last for almost 60,000 hours, which means that even if they are not switched off, they can last for 6 years. LEDs are more energy efficient, using 75% less power than incandescent bulbs. Moreover, they do not generate unwanted heat or radiation in contrast to the incandescent bulbs, which convert 90% of energy into heat. It has been estimated that widespread use of LEDs in the United States alone can save the energy equivalent to the output of 44 large electric power plants by 2027 accounting for saving of $30 billion USD at today's electricity prices [4] . The issue of bluish discolouration of LED lights over the time has been resolved in the new models. Hence, these are considered more environmentally friendly despite the high initial cost. Similarly, switching off the PACS monitor, when not reading the scans, is soothing for the eyes and reduces the power consumption. Water is a precious natural resource that is slowly receding in availability. Water consumption can be reduced by changing our behavior pattern and utilising modern technologies in the pantry and toilets, such as installing an automatic faucet that reduces water consumption.
Generating Less Waste
Hospital-generated waste is an unavoidable evil. However, the Radiology Department can cut down on certain waste that is produced unknowingly by its staff. Unwanted consumption of paper should be discouraged. Printing jobs should be audited for each computer connected to the printer in order to track overusers. Recycled paper will reduce the burden on the trees and reduce the energy consumption. Tissue paper consumption in the toilets can be minimized by using a dispenser that allows only 1 small tissue paper at a time, instead of having an entire roll. Staff must be encouraged to bring their own washable utensils and cutleries to avoid using disposable plastic ones. Because almost all of the radiologists have smartphones and tablets, scientific articles and notes can be loaded on these devices with the benefit of cutting down paper wastage.
Using Biodegradable Materials
Much recent work has been done to develop biodegradable products. In our radiology department with 3 magnetic resonance imaging scanners, 2 CT scanners, 3 radiography rooms, and 2 fluoroscopy rooms, approximately 1000 cups are utilised daily. Cups made up of bioplastic material such as cornstarch are recommended to replace the conventional styrofoam, plastic, and even paper cups. This simple change can have a huge impact in a busy radiology department. The bioplastic cups are composed of polylactic acid and decompose into carbon dioxide and water in controlled composting environment within 3 months. The downside is that the polylactic acid is derived from genetically modified corn. The paper cups are not truly biodegradable, as they have a coating of polyethylene to prevent soaking. Styrofoam contains harmful chemicals and is ''reasonably anticipated to be a human carcinogen'' by National Research Council (USA). Couch rolls of paper used for fluoroscopy tables and CT scan gantries to avoid contamination from body secretions can also be made from biodegradable material.
Proper Disposal of the Waste
The general waste generated from the department requires proper disposal. Segregation of waste between food wastes and biodegradable and nonbiodegradable material is essential, as the presence of nonbiodegradable products will increase the time required to decompose the biodegradable waste. Therefore, the hospitals should consider instituting a department recycling program. By placing properly labeled recycling containers outside each imaging room and staff areas to receive metallic cans, plastic waste, and biodegradable waste separately, the green radiology movement will have meaningful impact. Special efforts must be made to avoid mixing any contaminated packaging from supplies in noncontaminated trash bins. Table 1 Green steps in conference room and pantry 1. Utilise projectors and computers with auto shutdown feature 2. Teleconferencing or virtual rounds whenever possible 3. Replace lights with motion-sensitive LED lights 4. Use of biodegradable plates and cups 5. Use eco-friendly cleaning products 6. Recommend personal washable Tupperware for packing and repacking food 7. Encourage staff to use washable and reusable personal cutleries and plate 8. Use energy efficient fridge, microwave, etc. 9. Switch off air conditioners when the facility is not in use
Interventional radiology procedures related waste disposal accounts for highest share in the waste management budget of a hospital due to its hazardous nature. Although, only ten percent of hospital waste is considered biohazard but consumes 60% of the hospital's waste budget due to the fact it has to be handled separately and incinerated first before making it to the landfill. The higher cost of biohazard waste is also attributed to the charges associated with its storage and transport as well as the high cost of biohazard bins and containers [5] .
The radiology departments also generate a large chunk of e-waste (ie, discarded electronic devices). Most of the vendors have an e-waste recycling program in which they buy back the condemned devices and reuse the material to prepare new products, thus reducing the demand for raw material. Computers and their all components, projectors, telephones, batteries, printers, cartridges, cables, and plugs can be recycled, and hence must be properly disposed. Being a technology-run specialty, the modern Radiology Department uses myriad scanning machines and electronic equipment. All these machines have a finite life. Proper disposal of such machines is an important requirement of a green radiology department. The equipment manufacturers generally explore the option of repairing and refurbishing the equipment for use again which is an environmentally friendly step, following the principle of recycle and reuse. When equipment cannot be refurbished for reuse, it has to be disposed in compliance with local environmental regulations. Furthermore an environmental friendly equipment manufacturer sources the parts from supplier companies that follow the local regulations and laws. If there are any hazardous materials or regulated substances and chemicals used in the manufacturing of the machines, they have to be declared to the consumer.
Practically, the goals can be achieved by dividing the department into multiple sections with regard to various steps that can be undertaken to reduce the carbon footprint, as described in Tables 1-4. 1. Conference room and pantry 2. Offices and reading rooms 3. Patient waiting area 4. Examination rooms
Conclusion
There are many organizations and activists working to save the environment for our future generations. Everyone in Radiology Departments can do their part as well to spread the awareness about the need to protect the natural resources. It is important for all of us to understand that a handful of people cannot make drastic changes. It is every person's responsibility to work towards a green and environmentally friendly workplace and contribute towards a greener world for our children.
